and the grid-side converter (GSC) 
INTRODUCTION
Global warming, fossil fuel based political issues, economic competitions, and rapid human population increase demand for energy and numerous problems of energy resources can be alleviated by reducing constantly rising atmospheric carbon dioxide concentrations and adopting large natural energy producing resources (renewable) such as wind, solar, hydro and tidal [1] . Scientifically, wind power has proved to be eco-friendly, with the least environmental impact and the most promising source of electrical power generation [2-3].
The famous "wedges game theory" has recommended the solution to stabilize the world; a renewable energy (i.e. wind energy) resource is one of the best solutions among four other solutions. Better human life on Earth can be achieved by the green energy revolution. Green electrical energy (GEE) can be obtained through the proper technical arrangement of a wind turbine and an induction generator, which is initially converted by aerodynamic energy in the form of kinetic energy to clean electrical energy [4] . Electrical energy (EE) production by wind power was enjoyed for the first time in 1887 by Charles Brush at Cleveland, Ohio. The rated power of that product (DC-generator) was 12 kW and it was designed to charge batteries.
The induction machine (IM) was invented in 1951 [5] . It had two main types, fixed and variable speed ranges. Variable speed type induction generators are mostly used by industry. They are preferred due to their advantages referring to control of power factor at minimal cost, size reduction (20-30%) and four-quadrant operational converters [3] .
The DFIG is commonly used in wind farms; this is an important wind energy conversion system (WECS) having variable-speed capability [6] . These generators are also known as wound rotors or slip-ring induction machines [6] [7] . According to the usage based available data, the DFIG is available in different power ranges (1.5 MW-6 MW). Over 70% of the wind energy market is occupied by the DFIG. A substantial body of literature is dedicated to the advantages of the DFIG-based WECS [8] [9] [10] .
The WECS is integrated with power grids for the sake of maintaining operability with reliability and grid power quality. The well-known power system operator "grid codes" must follow WTs to meet the implementation of technical standards [11] [12] . There are two types of grid code requirements, i.e. static and dynamic requirements. The power flow at the point of common coupling (PCC) and steady state behavior relate to the static requirement, while during grid faults/disturbances of the induction generator we need a dynamic grid code requirement [13] [14] . These requirements include the operating range of voltage and frequency, grid-support capability, regulation of power factor, and low voltage ride through (LVRT) or fault ride-through (FRT) capability.
The objective of this paper is to study the integrated and theoretical study of the DFIG-WT during the SSC at two different points and manipulate simulation results. Both points are studied under SSC conditions and simulation results are measured. The collective results of transient time, maximum current, steady state and voltage dipped values are summarized in Table 1 . These measured results reveal robustness of different system parameters. That will further contribute to system sensor installations and other control and protection schemes. This study carried out by the power system analysis software PSCAD/ EMTDC yields quick and accurate simulation results. MAT-LAB is also user-friendly for simulation, but PSCAD/EM-TDC software is quicker for wind turbine simulations.
The rest of the paper is organized as follows: The wind energy extraction method is presented in Section 2. The system description is given in Section 3. Simulation studies and discussion are presented in Section 4. Conclusion is drawn in Section 5.
WIND ENERGY EXTRACTION METHOD
Power extracted from wind energy plays a significant role in electrical power production. Power can be extracted from the wind by horizontal axis wind turbine (HAWT) and vertical axis wind turbine (VAWT) systems. Modern wind turbine parks use a HAWT with two or three blades [15] . Three-blade turbines are more famous and more commonly used due to their symmetrical loading. A three-blade system is 50% more expensive compared to a two-blade system [16] . It is interesting that most of the countries existing in the world have the sites with an average wind speed of greater than 5 m/s with the height of 10 m. This implies that each country is capable of producing wind energy [17] .
In a conventional HAWT, a large tower rests on a deep, solid foundation, supporting a nacelle with the rotating blades at the top of the tower. The nacelle consists of a gearbox, a generator, power electronics devices and a yaw mechanism [16] . The starting point of the wind turbine (WT) to produce power at wind speed of 9 mph (4 m/s), achieving the rated power at about 29 mph (12 m/s). The WT stops power production at a high wind speed range around 56 mph (25 m/s) [18] . It is not convenient to set up the turbines taller than 100-120 m [19] . The height of the WT plays an important role in the wind energy extraction process.
WTs extract wind through rotor blades and transfer it to the hub of the rotor. The hub of the rotor is connected to a low-speed shaft by a gear box. The electrical generator is driven by a high-speed shaft, which converts mechanical energy to electrical energy. That extracted energy is transmitted to the power grid. A variation of wind speed also possesses the power extracted, converted and transmitted to the grid [20] .
There are different wind turbine modeling systems to calculate the obtained wind power from wind power turbine systems. The amount of power captured from a wind turbine is governed by the MOD-2 [21] WT modeling system. Mechanical power (Pm) captured by the WT is explained as follows:
(1) where ρ is air density (kg/m3), R is the radius of turbine blades, Vw represents wind speed (m/s), and Cp(λ,β) is the power performance coefficient (the Betz constant), where lambda (λ) is the tip-speed ratio of the rotor blade and the tip speed to the wind speed, and beta (β) represents the pitch angle (degree) of blades. The maximum power of 59% is possibly extracted from the wind (Betz theory) [16] .
SYSTEM DESCRIPTION
The immense demand for electric power has contributed to developing and improving the energy conversion technology. Different arrangements and configurations of WECS have been developed and opportunities for employing various types of generators have been created. The generators used for WECS can be categorized into two main types:
• Fixed speed generators (FSGs), • Adjustable speed generators (ASGs). The details of these generators are summarized in [15, [22] [23] . FSGs are economically not suitable due to their expensive mechanical construction. ASGs based WECS are commonly used at high-rated power [15, 23] .
Due to varying wind speed, researchers and industries have started to pay more attention to the use of ASGs. Furthermore, modern electronic system designs also incorporate the use of power electronics to operate together with variable speed generators. It is the main comparative advantage over FSGs. The DFIG plays a vital role as an electrical generator to support dynamic operation conditions among ASGs. The generators under serious consideration in WEPS are the double-fed induction generator (DFIG) and the synchronous generator (SG).
The main parts of the DFIG-WT system are shown in Fig. 1 and the DFIG parameters are listed in Appendix A. The wind turbine system is a combination of mechanical and electrical components, the DFIG generator, the rotor-side converter (RSC), the DC link, the grid-side converter (GSC and its filter), the control system, both fault points, the transformer and load. Controlling parts are modified according to the load or required system.
Fig. 1. Schematic diagram of the DFIG-based wind turbine
Generally, advantages of the DFIG-WT system can be summarized as follows [24] [25] :
• Economical inverter/converter, because of the converter and filter size compared to other ASGs (a synchronous generator) [24] .
• It has the ability to work in a wide range of wind speed.
• A low rating of converters improves system efficiency; a low rating makes the system less lossprone.
• Power factor control can be implemented at lower cost.
• It has four quadrant converters in the rotor circuit that enable control of active and reactive power of the generator.
• By improving the efficiency of energy transferred from wind energy, the DFIG can even generate twice its own rating power at the slip value of s = -1 [26] .
The DFIG has better performance during a voltage dip, transient time and other perturbation situation than other ASGs systems. All aforementioned properties make the DFIG more reliable and a better choice for WECS. The DFIG has two main operation modes, i.e. sub-synchronous and super-synchronous [27] .
A. Super-Synchronous
When the generator's rotor rotates at a speed greater than its synchronous speed, this operation is called super-synchronous. The slip becomes negative and both the rotor and the stator deliver power to the grid.
B. Sub-Synchronous
When the generator operates at its synchronous speed, this is called sub-synchronous mode. Obviously, the slip operates in positive mode and a stator winding delivers power to both the grid and a rotor winding. This mode does not exceed the rated power compared to the other super-synchronous mode. This mode has a smaller rotational speed.
MaThEMaTICaL MoDEL oF DFIG
For mathematical modeling of the DFIG, the stator, the rotor and both fluxes can be represented as [12] :
The rotor winding induced EMF in terms of rotor voltage, so the rotor side current can be expressed as: (6) The equation above induces the EMF based on stator flux dynamics; it can be induced in the stator reference frame or in the rotor reference frame. The equivalent circuit of the DFIG in Fig. 2 represents its frame references. Modeling of the DFIG is described in [28] . The DFIG system has been modeled with the help of the PSCAD/ EMTDC platform.
SIMULATION STUDIES AND DISCUSSION
It is important for advanced protection, control and compatible schemes to provide smooth operation of the dependent system. It is also necessary the system is understood well before any control or protection scheme is applied. This section of our paper presents simulation results generated by PSCAD/ EMTDC. The simulation system is a single-machine infinite bus system. The parameters of the DFIG-WT and the transformer are standard and they are extracted from the PSCAD library. The values of parameters are developed and set in per-unit with the reference of the rated power and voltage. Considering the perturbation conditions of the DFIG-WT, the proposed short circuit scheme has been applied at different points of the DFIG-based wind energy system. To maintain smooth operation and reliability with grid power quality, an SSC fault was applied at the GSC/machine side and the PCC/highvoltage side of the transformer. What is most important for the implementation of the technical standard is to meet the grid code requirements. There are two types of grid code requirements, i.e. dynamic and static requirements. A static requirement contains steady-state behavior and power flow at the PCC. The steady-state behavior is observed in Figures 4(c) and 5(c) . Hence dynamic grid codes look up to the desired responses of the induction generator during grid perturbation. These requirements cover the frequency and voltage, grid supporting capability, power factor regulation, fault ride-through (FRT) or low-voltage ride-through (LVRT) capability operating range simultaneously. Therefore, the short circuit (SC) fault is applied at different points to observe the transient time, maximum current, steady-state and voltage dip (sag) or fault ridethough (FRT) values. Simulation results were compared and it was concluded that a more sensitive and weak point was under the SSC. The SSC was applied at 1-1.20 s with the resistance range of 0.02 Ω. The fault triggering time was kept the same, i.e. two seconds (1-1.20 s) at the PCC and the GSC to collect simulation results. Parameter differences under the SC process is presented in plotted results and in Table 1 . Simulation results during the SSC are depicted in Figures 4 and 5 and Table  1 . A SSC applied at the PCC or a high voltage side bus transformer of the DFIG-WT. The value of SC resistance is 0.2 Ω. Transient time's simulation value during perturbation is depicted in Fig. 4(a) . The transient time value given in Table 1 Table 1 and Table 2 depict the DFIG parameters.
In conclusion, this study is available for further SSC studies and other perturbation conditions analysis. Transient time (0.19 times), maximum current, steady-state current value (0.19 times) and the voltage dip (sag) depicted the 0.50 times difference between the PCC and the GSC. These simulation results can be implemented further to build a protection or control strategy for smooth power generation during perturbation, respectively. 
CONCLUSION
This paper investigates the symmetrical short circuit fault of the DFIG-based wind power system. This study is designed to consider the importance of control and protection sensor based schemes of the power system to maintain smooth operation, validation and performance of the DFIG-based system. Increasing the renewable and clean energy demand makes it more important to design protection schemes and control strategies. The DFIG-based wind farms have currently attracted much attention of renewable power generation industry. To suppress the perturbation condition sensor based strategies are installed to maintain the rated range operation of the DFIG. Hence there is still a need to improve these schemes or create advanced compatible schemes to overcome these fault conditions. Before designing these sensor based schemes, there is a need to be well acquainted with FRT, perturbation conditions and the limitations of many WECS parameters. Furthermore, these simulation tests and measurements are applicable to improve stability, sen-sibility of sensors, protection schemes and advanced manufacturing quality of high power rating renewable energy systems. This study provided a better understanding of symmetrical fault conditions of various parameters, fault point robustness and sensor rating limits of the system. Its aim is to reduce system failures and security threats and help meet the advance rush demand and optimization of energy by improving cost-effective and environmental concerns. 
